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INTRODUCTION AI® LITERATURE REVIEW 
Before presenting a review of the literature on the intestinal 
microorganisms of various animal species it should be pointed out that 
this field has been under extensive investigation for over 80 years, and 
an impressive volume of literature has accumulated concerning this sub­
ject. Therefore, it will be the purpose here to present only selected 
references from earlier literature to emphasize the many steps taken in 
the advancement of our knowledge of the field. For a more detailed 
description of these developments some of the better selected reviews on 
this topic have been cited. 
Since the time of Pasteur there has been an ever increasing interest 
in the intestinal microorganisms of animals and man. As early as 1880 to 
1900 workers such as Senator (64.), Escherich (18), Moro (52), and others 
studied the intestinal tract of the human newborn and found it to be 
sterile. A characteristic intestinal flora developed shortly after birth, 
the exact composition of which depended on the diet. 
The earliest work was concerned primarily with the lactic acid pro­
ducing bacteria, especially Lactobacillus bulgaricus. Lactobacillus 
acidophilus, and Lactobacillus bifidus. Further interest developed in the 
putrefactive types of bacteria of the cecum and colon whose numbers were 
found to vary inversely with the population density of the lactic acid 
producing organisms. 
Using monkeys and cats, Heter and Kendall (30) in 1909 observed that 
protein-rich diets encouraged the population growth of putrefactive 
organisms in the colon, whereas milk and glucose favored growth of lactic 
2 
acid-producing organisms. Thus these authors made one of the earliest 
attempts to demonstrate definite relationships between the nature of the 
diet and the characteristics of the resulting bacterial flora. For a more 
detailed description of these early developments consult books published 
by Rettger et al. (59) and McCollum (^ 7). It should suffice here to point 
out that most of these early investigations had as their purpose a reduc­
tion in the amount of putrefaction and subsequent absorption of such toxic 
materials as phenols, hydrogen sulfide and ammonia. 
In 1911 attempts by Osborne and Mendel (53) to raise rats on highly 
purified rations (now considered to be highly deficient in essential frac­
tions of the vitamin B-ccmplex) containing a single protein, carbohydrate, 
and fat plus a salt mixture resulted in considerable growth depression. 
This effect was overcome when the animals were allowed to consume their 
own feces (coprophagy), which indicated that some nutritive materials were 
present in the excreta. Furthermore % when these rats had a choice between 
their own feces and those from rats on a practical ration they chose the 
latter. The superiority of feces of the normally fed rats was considered 
by them to be the result of the action of the intestinal bacteria which 
was shown previously to be markedly influenced by the composition of the 
diet (30). 
Probably the first to suggest actual synthesis of a vitamin by 
intestinal bacteria was Cooper (13) who showed, in 1914> that an alcohol 
extract of normal chicken or rabbit feces would cure polyneuritis in 
pigeons. It was also observed later by Randoin and Simonnet (58) that 
the rapidity with which B-vitamin deficiencies developed in pigeons was 
influenced by the nature of the carbohydrate fed. The bacteria were more 
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directly implicated by Heller et al. (29) as the source of B-vitamins 
furnished in the feces. They demonstrated that vitamin deficient rats 
grew normally if allowed to consume their own feces, which were found to 
contain many more spore-forming bacteria than feces of deficient rats 
unable to engage in coprophagy. 
About this same time (1926-1928) Fridericia (19) in Denmark and 
Roscoe (62) as well as Kon and Watchorn (39) in England described spon­
taneous recoveries of rats which had been depleted on a vitamin B-complex 
deficient diet. This unusual phenomenon was termed refection. The 
refected rats showed marked differences from non-refected rats in the 
nature of their feces. The feces from refected rats became bulky and 
white, contained a large amount of starch, and had a lower pH than those 
fran nan-refected rats. The facts that there was a different bacterial 
flora present and that feeding of feces from a refected animal to one 
not refected produced a similar condition, gave rise to the hypothesis 
that vitamin-synthesizing bacteria brought about refection. 
One of the most interesting aspects of these studies was the obser­
vation that poorly digested raw starch had to be present before refection 
occurred. If the starch were boiled or sucrose used in place of the 
starch, no apparent refection could be demonstrated. These findings have 
been corroborated by other workers (36). Furthermore. Bliss (6) was much 
more successful in producing refection in rats when raw potato starch was 
used than when rice starch was the dietary carbohydrate. 
These early observations on coprophagy along with the discovery of 
the phenomenon of refection and its value in the vitamin economy of the 
rat stimulated an era of research which indicated the possible nutritional 
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value of intestinal syntheses of nutrilites by bacteria. At this point, 
however, there was still much which needed to be understood concerning 
the principal location of these synthetic processes and the factors influ­
encing subsequent absorption of synthesized products by the host. With 
the ruminant animal these questions were readily answered, but the mono-
gastric animal presented more of a challenge. 
There have been numerous investigations concerning this problem, 
using the rat. A good example of this was work by Guerrant and Dutcher 
(21,22) and Guerrant et al. (23,24) which suggested that much of the 
vitamin B-ccmplex synthesized is passed out of the body before it can be 
absorbed. They further suggested that the cecum and colon were the most 
likely areas for this synthesis and found that a cecectomized rat was 
unable to synthesize enough vitamins to grow normally ; In view of the 
rather high yeast populations found by these workers they felt that yeasts 
were probably responsible for the synthesis. 
It has been pointed out by Bergeim (4) and Bergeim et al. (5) that 
the cecum is different in certain respects from the other segments of the 
digestive tract in that it has the lowest oxidation-reduction potential. 
It was further observed that lactose feeding produced a sharp decrease in 
the reducing intensities of contents sampled throughout the intestinal 
tract. In view of the fact that lactose has an influence on the intes­
tinal flora also, more detailed investigations might reveal some interest­
ing relat ionships * 
Subsequently, Mitchell and Isbell (50) studied the synthesis of 
numerous B-vitamins in rats. By separating the solids from the liquid 
portion of the cecal contents they were able to determine the amount of 
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binding of the various vitamins within the bacterial cells. Also, by-
extracting the walls of various sections of the digestive tract and 
analyzing for certain B-vitamins they found that absorption occurred at 
every level of the tract but was somewhat higher in the cecum. When the 
level of selected vitamins in the cecal wall was compared to that of the 
liquid portion of its contents they were found to be similar in magnitude, 
suggesting a more or less free passage of these vitamins from the bacteria 
into the animal tissues. It should be emphasized that this was not the 
case with all the vitamins studied. Furthermore, when lactose was added 
to the meat diet used there was a slightly greater amount of synthesis of 
most of the vitamins studied. 
In 1942 Martin (45) pointed out the delicate balance in the complex 
flora when he reported good growth of rats given a synthetic diet contain­
ing riboflavin, thiamine, nicotinic acid, pyridoxine, choline, and calcium 
pantothenate, but when p-aminobenzoic acid was added to the diet a defi­
ciency syndrome similar to that of pantothenic acid developed in the rats 
which was eliminated when inositol was subsequently added. When inositol 
alone was added to the diet a p-aminobenzoic acid deficiency developed. 
Conversely, Woolley (70) found that on an inositol-free diet growth was 
good, but the removal of pantothenic acid resulted in symptoms similar to 
an inositol deficiency. 
For a more complete description of these and other works of a similar 
nature the reader is referred to several excellent reviews on the subject, 
(15,16,26,34,38,49). 
Another approach to the study of this problem of vitamin synthesis 
by intestinal microorganisms, as well as the general relationships between 
6 
host and flora, is through germ-free research. In 1936 Glimstsdt (20) 
presented an extensive review on this subject. The extent to which this 
work has been carried is limited due to a multitude of technical diffi­
culties . More recently, however, Reyniers (60,61) and his group have been 
very successful in rearing relatively large numbers of germ-free animals. 
Luckey et al. (44) demonstrated a similar vitamin metabolism in both 
germ-free and conventional chicks. However, they did observe more acute 
deficiencies of thiamine, riboflavin, niacin, and folic acid in the germ-
free birds, while the excreta of both groups of deficient birds generally 
contained enough of the vitamin in question to overcome the deficiency. 
This apparent waste of vitally essential nutrients is still poorly under­
stood and merits further investigation. Emerson and Obermeyer (17) 
demonstrated an additional complication when they fed feces from thiamin 
deficient rats (containing enough thiamine to overcome the deficiency) to 
other thiamine deficient rats with no beneficial effect. If crystalline 
thiamine at the same level were fed or injected spectacular recovery 
ensued. Thus we have not only the question of synthesis and its location 
but also problems relating to apparent availability or activity. 
So far we have been concerned only with the synthetic mechanisms of 
the intestinal flora, but the absorption and destruction of nutrilites by 
this same system has also been considered. Abdel-Salaam and Leong (l) 
first noted that the incubation of cecal contents of normal rats gave an 
initial rise in thiamine and then a decline. In 1952 Kliuura et al. (37) 
described the cultural and immunological characteristics of Bacillus 
thiaminolytlcus which demonstrated thiaminase activity. Feeding of this 
culture (46) to hens receiving adequate thiamine produced symptoms of 
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polyneuritis within 4-0 days. Thiaminase activity was detected from the 
mid-point of the ilium on down and was greatest in the cecum. Since these 
bacteria were present mainly in the lower part of the intestinal tract it 
suggests that the flora of the cecum and large intestine play an important 
part in the vitamin balance; at least under special conditions. Similar 
results have been demonstrated with other vitamins and have been reviewed 
recently by Mickelsen (4-9) . 
While attempting to sterilize the intestinal tract of chicks being 
fed purified diets, Briggs et al. (11) observed a growth stimulation when 
0.5 percent sulfasuxidine was included in this diet. With the same pur­
pose in mind Moore et al. (51) found 10 milligrams percent of streptomycin 
in. the ration increased the growth of their chicks considerably. This was 
the first published report on the growth-stimulating value of an anti­
biotic. However, since these compounds did not eliminate all of the 
bacteria present in the digestive tract, these investigators failed to 
follow up these responses. Subsequently, there has been a great accumula­
tion of data on the subject which has been reviewed extensively, and the 
mechanism by which this stimulation is brought about has generally been 
considered to be related to the intestinal flora of the animal under 
study (8,35,48,66). There still remains, however, a great deal of con­
troversy as to the exact mode of action of the various chemotherapeutics 
under study. 
As proposed by Catron (12) and later- by McKi&psoti (48) and Quinn 
(55), the principal views concerning the effects elicited by antibiotics 
are (a) elimination of bacteria which produce harmful materials, (b) 
elimination of bacteria which absorb or destroy essential nutrients, or 
8 
(c) the enhancement of the growth of microorganisms which synthesize 
nutrients required by the host. There is considerable indirect evidence 
to support all three views, which leads one to agree with the conclusion 
drawn by Quinn (55) that the intestinal flora is altered both quantita­
tively and qualitatively, and the final results will depend on the entire 
environmental, nutritional, genetic, and microbial picture existing at 
the time of the experiment. As will be discussed later, this conclusion 
could be applied to almost all studies concerned with intestinal micro­
organisms . 
Although the majority of work in this field has been concerned prima­
rily with the B-vitamins there has been seme work concerning the utiliza­
tion of inorganic nitrogen by monogastric animals which could possibly be 
related to the intestinal flora. For example, investigations on the use 
of urea in non-ruminant rations have been somewhat conflicting (7,25,54-, 
63), and recently Liu et al. (4-3) demonstrated that only small amounts of 
labeled urea nitrogen appeared in the tissue proteins of pigs. Hays 
et al. (28) later obtained a linear decrease in feed utilization as levels 
of urea in the diet were increased. This work, along with earlier inves­
tigations, would tend to eliminate any possibility of the intestinal 
bacteria playing a major role in the utilization of non-protein nitrogen 
by the monogastric animal, which seems logical when the location (cecum 
and large intestine) of the greatest bacterial populations is considered. 
It might be ccncludcd frcs the foregoing discussion Lhau the most impor­
tant beneficial effects derived from the synthetic processes of intestinal 
bacteria are primarily related to excretory or readily diffusible products 
and not the structural components of the organisms themselves. 
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It is apparent that there is a great deal of interest in the various 
aspects of intestinal microorganisms and their interactions with the host 
animal. It is also evident, however, that most of these observations 
were made with limited objectives in mind, therefore the bacteriological 
studies were treated in a rather casual manner. That is, little has been 
done under well defined and controlled conditions concerning an intensive 
investigation of the bacterial flora and how it varies throughout the 
intestinal tract with both age and diet. 
With swine, steps in this direction have been made by Quinn and 
co-workers (56,57), Willingale and Briggs (68), and more recently by 
Horvath et al. (31), Even ia these experiments the diets used were highly 
complex (providing opportunity for considerable variability) and rela­
tively small numbers of animals were studied bacteriolegically. This 
makes it very difficult to critically study sources of variation for the 
purpose of establishing better controls in future experiments. Similar 
work has also been conducted with chicks (27,41,69), and, again, the con­
trol of experimental diets and conditions generally left something to be 
desired. 
In light of the interest in and need for more reproducible informa­
tion concerning the intestinal microorganisms of the monogastric animal, 
this present study was initiated with the following objectives in mind: 
1. To establish a base-line pattern of intestinal microorganisms 
using veil defined diets and rigid control of kncvn variables so 
that this standard intestinal microflora might be related to the 
performance of the pig. This microfloral base-line should con­
stitute a "yardstick" with which to compare future studies with 
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the pig. 
2. To study the variables of genetics, management, diet and age as 
they influence intestinal populations of microorganisms in the 
pig. 
3. To study variations in microflora between the various sections 
of the intestinal tract of the pig. 
4-. To isolate and characterize numerous species of microorganisms 
from the intestinal tract of the pig. 
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EXPERIMENTAL 
The data from experiments reported herein are held on record by the 
Iowa Agricultural Experiment Station as Swine Nutrition Experiments 855A, 
and 855B. 
Animals and Sampling 
All experimental animals used in these studies had the same general 
management. The pigs were farrowed and reared to two weeks of age in 
farrowing stalls on concrete floors and had access to the sow's feed, 
water, and feces during the two week nursing period. The pigs were frcan 
crossbred sows mated to Farmers' Hybrid boars, and all received 2 milli­
liters of iron-dextran complex (50 mg. Fe/ml.) intraperitoneal^  on the 
first day of age, the males were castrated at three to four days of age, 
and all pigs were given a mixture of hog cholera and erysipelas serum at 
five days of age. 
At two weeks of age the pigs were removed from their dams and placed 
in an isolated building (Unit E) considered to have a relatively low 
"disease level" „ The incoming air is passed, through sterilizing leaps 
which are also placed around all walls close to the ceiling in order to 
keep air pollution to a minimum. 
This building has both heating and air conditioning units which make 
it possible to maintain the ambient temperature within 2° F. of the 
desired temperature. Furthermore, it has raised floors with radiant 
heating regulated independently of the air temperature. The floor temper­
ature was 80 to 85° F. initially and was gradually reduced to 75° F. 
during the next four week period. The room temperature was started at 
75° F. and similarly reduced to 65° F. The building was steam-cleaned 
and disinfected before each use,, and each pen was cleaned daily with no 
bedding being used. Self-feeders and automatic waterers were provided 
for all pigs. The only animals whose management varied from this general 
procedure were those used in some of the preliminary investigations. 
Each animal was weighed and a fecal sample was taken at two weeks of 
age and each week thereafter until the experiment was terminated. Feed 
consumption was also determined for each week on experiment, and all 
animals were observed at least twice daily for any abnormal symptoms as 
well as for consistency of the feces. At no time during the experiments 
were any chemotherapeutics administered orally or otherwise. 
The sacrifice of all animals was carried out by passing a 110 volt 
current through the pig for approximately 15 seconds. Immediately follow­
ing the death of the animal, samples were taken by opening the abdominal 
cavity and tying off the various sections of the intestinal tract to be 
studied. These sections were then removed and the contents extruded into 
sterile containers. The entire process took no more than ten minutes per 
pig, and the samples were immediately taken to the bacteriological labora­
tory for analysis. Animals were sacrificed or fresh fecal samples were 
taken at the same time of day in all experiments (8 to 9 A.M.). This was 
felt advisable in view of results from preliminary observations (67) 
which indicated possible diurinal variation. 
2ven though preliaiiiary data (67) showed little change in the counts 
obtained from a sample up to 12 hours after collection, all samples were 
collected and plated out within a three hour period. 
All of the data presented here came from experiment 355A and 855B 
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with the exception of that labeled "preliminary". The design (randomized 
block) was identical for both experiments, and the pigs were allotted by 
weight outcome groups within litters (see Table 1). It can be seen frcan 
this table that a total of three litters of eight pigs each were used in 
each experiment, with the only difference in the two being that of time 
and pigs. The coding system used in Table 1 is exactly the same in all 
tables so that any future manipulation of the data can be easily carried 
out. At the termination of the experiment the pigs in litter 1 (L-i) and 
litter 2 (L-2) of experiment 855A and litter 1 (L-l) of experiment 855B 
were sacrificed in the manner previously described. The areas of the 
intestinal tract studied were the duodenum, ileum (the first three feet 
anterior to the ilio-cecal junction), cecum and rectum. 
Table 1. Design of experiments 855A and 855B 
Management Diet Litters Pigs 
Groups Starch L-l a,b 
Lactose L-l 
L-2 
L-3 
c
,d 
c,d 
c,d 
Individuals Starch L-l 
L-2 
L-3 
e,f 
e,f 
e,f 
Lactose L-l 
L-2 
L-3 
g,h 
g>h 
g,h 
u 
The diet used in these experiments is presented in Table 2, with 
changes being made only in the type of carbohydrate, which was either raw 
corn starch or beta-lactose. Most of the diet requires little explanation 
with the exception of the reason for adding saccharin (soluble). In pre­
liminary studies it was observed that this diet was rather dusty and not 
too palatable to the early weaned pigs, but with the addition of saccharin 
the diet seemed to be more readily accepted, and it also helped mask any 
differences in sweetness between the two carbohydrates used. Wood floe 
was included solely for the purpose of adding bulk. All vitamins were 
added in the crystalline form. 
Laboratory 
A plate count technique with selective media was used for all organ­
isms studied. This technique makes two major assumptions and is subject 
to the limitations thereof, (a) each colony develops from only one cell, 
and (b) all organisms other than the ones desired fail to multiply at a 
rate fast enough to produce visible colonial growth in the allotted incu­
bation time. 
Each sample was handled individually in order to measure pig-to-pig 
variation more accurately, and the range of sample size was 1 to 10 grams. 
The samples were weighed in sterile aluminum dishes and initially diluted, 
by weight, one part sample to nine parts sterile buffered water. This 
mixture was then blended for two minutes in a semi-micro Waring blendor 
and serial decimal dilutions were made in sterile buffered water, with 
each dilution being mixed by shaking 25 times before each transfer. The 
buffered dilution water was prepared by adding 34 grams of KHgPO^  to 500 
15 
Table 2. Experiment 855A and 855B. Composition of the diet used 
Ingredient Percent 
Casein (acid ppt.) 22.73 
Corn starch (or lactose) 67.70 
Wood floe 2.00 
Stabilized lard 2.00 
Manocalcium phosphate 2.29 
Calcium carbonate (38% Ca) 0.43 
Iodized salt 0.50 
Trace minerals (35-0 10A) 2.00 
Vitamins° 0.30 
Saccharin (soluble) 0.05 
S^upplies the following elements in parts per million: 
Fe 362.0 Zn 50.0 I 0.42 
Cu 7.6 Mn 101.5 Mg 530.0 
Co 3.1 K 3980.0 
S^upplies the following vitamins per pound of diet: 
Alpha-toeopherol acetate 10 mg. 
Ascorbic acid 100 mg. 
Biotin 3 meg. 
Ca pantothenate 9.96 mg. 
Folic acid 0.5 mg. 
Inositol 0.25 gm. 
Menadione 0,5 ag. 
Niacin 29.9 mg. 
Para-aminobenzoic acid 2.0 mg. 
Pyridoxlne HC1 1.5 mg. 
Riboflavin 4.2 mg. 
Thiamine HC1 3.0 mg. 
Vitamin A 3000 I.U. 
Vitamin Bj2 20 meg. 
Vitamin I>2 1000 I.U. 
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milliliters 1M NaOH and making the volume up to 1 liter. Then 1.25 
milliliters of this stock buffer solution were added to 1 liter of dis­
tilled water for the final solution. 
Although this technique was somewhat slower than using a 1:100 dilu­
tion procedure with 1 and 0.1 milliliter alequots being taken for plate 
inoculations, it provided enough different dilutions so that 1 milliliter 
portions could be used for inoculation of all plates in the dilution 
series. This system provided more consistent results and eliminated the 
need for replicate plates. For example, in preliminary trials (67) 
samples were divided into three sub-samples before blending, then dupli­
cate series of dilutions were made on each sub-sample as described above, 
and triplicate plates were inoculated from each dilution. It was fouid 
that extremely consistent results were obtained (in the majority of cases 
almost identical) between sub-samples, dilutions, and plates per dilution. 
Thus, in subsequent experiments, serial dilutions were made at 1:10 inter­
vals, all plates were inoculated with 1 milliliter of the dilution and 
only one plate per dilution was used. As each plate was inoculated, 
exactly 18 milliliters of the desired medium were added by use of an auto­
matic pipetting machine. It was then mixed with the inoculum by moving 
the plate in a epicycloid motion, after which the agar was allowed to 
solidify. 
The groups of organisms studied and the selective media used were as 
follows; (A) total aerobes - tryptcnc glucose extract agar (Difco), (U) 
total anaerobes - fluid thioglycollate medium (Difco) plus 1.5 percent 
agar, (c) lactobacilli - tomato juice agar, special (Difco), (d) con­
forms - violet red bile agar (Difco), (e) streptococci - mitis salivarius 
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agar (Difco) plus 1 milliliter of a one percent solution of potassium 
tellurite per liter, (f) staphylococci - staphylococcus medium No. 110 
(Difco), and (g) molds and yeasts - Littman oxgall agar (Difco) plus 30 
micrograms per milliliter of streptomycin and 20 units per milliliter 
of penicillin. All of the media were sterilized by autociaving for 15 
minutes at 121° C. The antibiotics and potassium tellurite were added asep-
tically after sterilization. 
The fluid thioglycollate plates were placed in vacuum dessicators and 
the atmosphere was removed with a water aspirator type of vacuum pump and 
replaced with natural gas. This was carried out three successive times. 
The Littman oxgall plates were incubated at 30° C. for three to five days 
(depending on the rate of mycelial growth), the violet red bile plates 
at 37° C. for 18 to 24 hours and the rest at 37° C. for 4B hours. The 
exact composition of the selective media used, along with the methods of 
counting has been published by Difco Laboratories,Inc. (14). 
Individual colonial isolates were taken from various plates through­
out the experiments and were characterized by their cultural, biochemical, 
and staining characteristics a 
All pH measurements were made with a Beckman pH meter at the time 
the samples reached the laboratory. 
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RESULTS 
Animal Performance 
Both general condition and performance of the animals in this study 
were considered to be good with the average initial weight at two weeks 
of age being 10 pounds and the average final weight at six weeks of age 
23.4 pounds. Daily observations on the condition of the feces revealed a 
generally loose, poorly formed, black excreta which was characteristic for 
all pigs regardless of treatment. A brief summary of the gain and feed 
efficiency data for all pigs in both experiments is presented in Table 3 
and the individual values can be found in Table 5 (Appendix). It can be 
Table 3. Experiment 855A and 855B. Summary of gain and feed efficiency 
data for all pigs 
Diet Av. 4 wk. gain (lbs.) Av. 4 vk. feed/gain 
Starch 9.6 1.96 
Lactose 15.8»* 1.45* 
S^ignificant effect at P = 0.05 or less. 
S^ignificant effect at P = 0.01 or less. 
seen from this that lactose is a far superior carbohydrate for pigs of 
thi? age; which is in general agreement with Hudsan (32). 
When the data of experiments 855A and 855B are summarized across 
dietary treatments, highly significant differences in four week gains were 
found between group and individual feeding with values being 11.7 and 13.8 
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pounds, respectively. With regard to feed efficiency, the group fed pigs 
were superior, however, little significance can be attributed to this 
finding in that immeasurable feed loss due to mechanical difficulties was 
greater in the individual pens. 
Fecal Bacteria 
As previously pointed out, each pig was sampled weekly and all 
samples handled individually, but due to power failure in the laboratory 
in one case and gross contamination due to autoclave failure in another, 
there were two periods when no counts were made. In experiment 855A this 
was the sixth-week collection period and in experiment 855B the fourth-
week collection. Therefore, Tables 6 through 9 (Appendix) have no values 
for fecal counts of six-week old pigs and Tables 10 through 13 (Appendix) 
have no values for the four-week old pigs. This further complicated the 
pooling of time effect and its interactions between the two experiments 
when the data were subjected to analysis of variance as outlined by 
Snedecor (65). Thus, the combined analysis in Table 22 (Appendix) gives 
only the mean squares of management, diet, replication, and their sub­
sequent interactions. Separate analyses for time effects are presented 
in Tables 23 and 24 (Appendix) for experiments 855A and 855B, respec­
tively. The coefficients of variation for each group of fecal organisms 
in both experiments are given in Table 27 (Appendix). 
It can be seen from these tables, as well as Table 14 (Appendix) 
which summarizes the main effects of management and diet, that the group-
fed pigs had a significantly higher number of total aerobes, total 
anaerobes, and lactobacilli. No significant differences with regard to 
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management were obtained with the rest of the organisms studied. Further­
more, from a statistical point of view, lactose produced a highly signif­
icant reduction in the number of all fecal organisms studied with the 
exception of the total anaerobes and lactobacilli. Although replications 
in these experiments were made up of litters and were shown to have a 
significant effect with some organisms, this cannot be attributed to 
litter alone as the combining of the two experiments for analysis injects 
a time effect also. Nevertheless, this brings out a very important source 
of variation which will be discussed later. The only significant inter­
action in this analysis was between diet and replication for the 
staphylococci. In general, the coefficients of variation were greater 
for the individually-fed pigs than for the group-fed pigs. Furthermore, 
the total aerobes, total anaerobes, and lactobacilli had relatively low 
values and the other organisms somewhat higher ones with the highest value 
being for the molds and yeasts of experiment 855A. There were, however, 
no consistent differences in the coefficients of variation between the 
two experiments. 
The summary and analyses concerning the effects of time for both 
experiments are given in Tables 15, 16, 23, and 24. (Appendix). In each 
experiment, time exhibited a significant influence on all organisms 
studied with the exception of the staphylococci in experiment 855A. With 
regard to interactions, time by management was significant for the lacto­
bacilli 52 wall as the molds anu yeas Ls in both cases and the staphylo­
cocci in experiment 855A. In this same experiment interaction was found 
between time and diet with the streptococci, staphylococci, and molds and 
yeasts. In experiment 855B all organisms with the exception of the total 
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anaerobes and coliforras showed a similar interaction. There was only one 
interaction (molds and yeasts) with time and litter in the first experi­
ment and several (all but total anaerobes and staphylococci) in the 
second one. With regard to three way interactions only occasional ones 
were found to be significant and these followed no consistent pattern. 
For illustrative purposes both experiments have been combined with 
regard to the main effects of time and diet and are presented in graphic 
form in Figures 1 through 4. The total aerobes (Figure 1) of the pigs fed 
the starch diet showed an initial sharp rise for the first week and then 
a slower rise up to five weeks of age, at which time they dropped to the 
three-week level. The lactose-fed pigs had only a slight change the first 
week but in the subsequent three weeks of the experiment finally attained 
the same count as the starch-fed pigs. In the same figure, the total 
anaerobes were different initially (before the feeding of experimental 
diets) and tended to maintain this difference regardless of diet, with 
both groups showing an initial sharp increase for the first week on 
experiment and then a slower rise up to six weeks of age. 
With the exception of a lower count for the lactose-fed pigs at three 
weeks of age, the lactobacilli counts (Figure 2) were similar for both 
groups and followed a steady rise throughout the experimental period. 
Also in Figure 2 the colifonns follow an interesting pattern, with fecal 
counts for both dietary treatments dropping the first week, then rising 
for uhe nexu uwo woeka, auù finally breaking downward at five weeks of 
age. The only difference in the influence of the two diets was a much 
greater decline for the lactose-fed pigs the first week giving a lower 
count throughout the rest of the experiment. 
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The starch diet produced a very sharp initial rise in fecal strep­
tococci (Figure 3) which fluctuated somewhat for the latter three weeks 
of the experiment. Conversely, the lactose feeding resulted in only a 
slight increase in the first week and then a rise almost reaching a count 
similar to that from starch-fed pigs after two weeks on experiment. Fol­
lowing this rise there was a gradual decline in the count. In the same 
figure, the staphylococci of pigs receiving starch showed no change the 
first week and then an increasing rise until the experiment was termi­
nated. The same group for the lactose-fed pigs dropped initially, rose 
somewhat, dropped again, and in the final week increased considerably, 
but never reached the level of the starch-fed pigs. 
Finally, Figure 4 demonstrates the continued increase up to five 
weeks of age in molds and yeasts for pigs on the starch diet and the first 
week drop with a subsequent rise up to five weeks of age for .lactose-fed 
pigs. At this five-week point berth groups then dropped sharply in 
numbers. 
Sacrifice 
The procedure for this phase of the study has already been described. 
All data for both experiments 855A and 855B were pooled before analyses 
were carried out. Table 4 gives a brief summary of the average pH values 
for the various sections of the intestinal tract with respect to diet. 
For the individual pH values consult Table 21 (Appendix). With the excep­
tion of the ileum, lactose feeding brought about a reduction in the pH of 
the areas studied. The pH from the ileum to cecum dropped sharply in the 
lactose-fed animals. 
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Table 4. Experiment 855A and 855B (sacrifice). Average pH values of 
various sections of the intestinal tract 
Diet 
Section Starch Lactose 
Stomach 4.1 3.7 
Duodenum 5.4 5.1 
Ileum 6.3 6.8 
Cecum 6.1 5.6 
Rectum 7.0 6.8 
The data from bacteriological examinations of the sacrificed animals 
are presented in detail in Tables 17 through 20 (Appendix). The analyses 
of variance were first run on each management separately and then the main 
effects of management, diet, and litter-were pooled and analyzed. The 
results of these analyses as well as coefficients of variation are pre­
sented in Tables 25, 26, and 28 (Appendix). 
The only groups that management had a significant influence on were 
the lactobacilli and streptococci in which the group-fed pigs had higher 
counts than the individuals. With regard to dietary effects, lower counts 
produced by lactose approached significance for the coliforms and were 
highly significant for streptococci, staphylococci, and molds and yeasts 
throughout the digestive tract. Litter effects were highly significant 
for all groups studied with the exception of the coliforms. None of the 
interactions of uheae main effects were significant indicating a relative 
independence of their influences. 
In the analyses where groups and individuals were considered separ­
2U 
ately the influence of section was highly significant with all organisms 
and under both managements. In that interactions were not apparent and 
differences so clear cut, these data were not combined for further anal­
yses. For illustrative purposes, however, these data were combined and 
along with the data on diet effects are represented graphically in Figures 
5 through 8. 
The total aerobes, total anaerobes, and lactobacilli (Figures 5 and 
6) throughout the digestive system of six-week old pigs showed only 
slight variations due to dietary changes but did increase vastly in num­
bers as samples were taken from the duodenum, ileum, cecum, and rectum 
respectively, with the greatest differences occurring between the duodenum 
and ileum. The coliforms (Figure 6) fran starch-fed pigs showed a similar 
pattern but those from lactose-fed pigs were lower in number throughout 
and actually showed a decrease from cecum to rectum. 
The streptococci and staphylococci (Figure 7) also showed a very 
large increase from duodenum to ileum and then a much smaller rise frcm 
ileum to rectum. In both cases the lactose feeding resulted in much lower 
numbers from all sections with the greatest differences being in the 
duodenum, ileum, and cecum for the streptococci and the duodenum, cecum, 
and rectum for the staphylococci. 
Finally, Figure 8 demonstrates the much smaller differences from one 
section to the next for the molds and yeasts, with an increase from 
duodenum to cecum but similar counts far both cecum aal rectuui. The 
samples taken from pigs on different diets points out the effect of lac­
tose on lowering this count. Furthermore, differences due to diet in­
creased as sampling progressed posteriorly through the digestive tract. 
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General Observations 
Preliminary studies as well as studies now in progress have revealed 
some interesting facts concerning the fecal microorganisms studied at 
periodic intervals in the growth of the pig (from birth to approximately 
200 pounds). Indications arcs that the Intestinal tract of the new born 
pig is relatively devoid of microbial growth, but within 24. hours these 
populations reach their greatest density in terms of viable cells. For 
example, the total aerobes, total anaerobes, and lactobacilli all 
approached log counts of approximately 10.0 per gram fresh feces at one 
day of age and then slowly declined to about 8.5 at two weeks of age, at 
which time all pigs in these studies were weaned. The first few weeks 
following weaning onto dry diets these counts rose sharply to just below 
the level they had attained at one day of age and then remained fairly 
stable with a slight declining tendency up to market weight. Very 
similar patterns were also observed for the streptococci, staphylococci, 
and molds and yeasts but at lower counts. 
The coliform organisms, however, showed an ever decreasing count from 
one day of age to market weight with only a brief increase between three 
and five weeks of age. 
Bacteriological examination of different types of watering devices 
demonstrated the float-type fount, which filled periodically, generally 
had 100 to 1000 times more of all microorganisms studied per milliliter 
of Hater than sn open, scntinucus-flcw waterer. ks would be expected, the 
level of organisms in the latter type was inversely proportional to the 
rate of flow. 
The characterization of isolates from selective media demonstrated 
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that the majority of gram-negative isolates were Eschericia coli. 53 out 
of 63, with a few Aerobacter cloacae, Aerobacter aerogenes, and Proteus 
mirabilis being found. Of the gram-positive rods, over half were char­
acterized as Lactobacillus ferment!: and the rest were either Lacto­
bacillus caucasicus, Lactobacillus helveticus, Lactobacillus bifidus, or 
Lactobacillus acidophilus. 
The streptococci made up the majority of the gram-positive cocci 
with most of these being Streptococcus faecalis. Streptococcus mitis, 
Streptococcus bovis, and Streptococcus lactis. The rest of the gram-
positive cocci were about evenly distributed between Staphylococcus and 
Micrococcus. 
The isolates frcin tomato juice agar proved to be primarily lacto-
bacilli (about 70 percent), and all of the isolates frees the violet red 
bile agar plates were of the coli-aerogenes group. The mitis salivarius 
agar provided numerous types of isolates with the majority (about 70 
percent) being streptococci and about half of the remainder being con­
forms frcm surface growth only. Of the isolates from staphylococcus 
medium 110, almost all were found to be Staphylococcus and Micrococcus. 
The isolates frcan the Littman oxgall agar were not characterized exten­
sively, but the majority were studied morphologically to a limited extent 
and found to be mainly yeasts (about 70 percent) with the remainder 
mostly cottony fungi. Occasional colifonns were also Isolated from these 
plates growing lu close proximity to the yeast colonies. 
Figure 1. Influence of time and diet on fecal total aerobes and total 
anaerobes of the baby pig 
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Figure 2. Influence of time and diet on fecal lactobacilli and 
G olifonns of the baby pig 
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Figure 3. Influence of time and diet on fecal streptococci and 
staphylococci of the baby pig 
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Figure L,. Influence of time and diet on fecal molds and yeasts of 
the baby pig 
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Figure 5. Intestinal total aerobes and total anaerobes of the baby pig as influenced by diet 
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Figure 6. Intestinal lactobacilli and coliforms of the baby pig as influenced by diet 
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Figure 7. Intestinal streptococci and staphylococci of the baby pig as influenced by diet 
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Figure 8. Intestinal molds and yeasts of the baby pig as influenced 
by diet 
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DISCUSSION 
The physiological effects of feeding lactose to various animals has 
recently been reviewed (2), and it has been demonstrated that unlike other 
animals studied the young pig and dairy calf can tolerate very high levels 
of lactose in the diet, which agrees with the findings presented here. 
Mare specifically, these results are in direct agreement with those of 
Hudman (32), who demonstrated in terms of weight gain the superiority of 
lactose over raw corn starch as the carbohydrate for baby pigs. 
It was further suggested in Hudman1s report (32) that the carbo­
hydrate of choice was dependent on the source of protein. For example, 
when soybean oil meal was the protein source, lactose as the carbohydrate 
produced better gains than sucrose, dextrose, or raw corn starch. When 
casein was the main source of protein, gains were best with sucrose while 
lactose, dextrose, and starch produced less rapid gains in that order. 
It should be pointed out, however, that in both cases lactose was superior 
to raw corn starch. 
The better gain with the individually-fed pigs might simply be 
related to less competition between pigs as compared to group feeding 
even though adequate feeder space was provided for the latter. There is 
also the possibility of other factors being involved. Although at this 
point it is still conjectural, the intestinal flora might play an impor­
tant role, as almost all organisms were lower in numbers with the indi­
vidually-fed pigs. This has also been noted by Willing ale and Briggs 
(68) with older pigs. However, statistically significant differences due 
to management were found only with the total aerobes, total anaerobes, 
and lactobacilli. Furthermore, significant interactions were found in 
both experiments between time and management for the lactobacilli and 
molds and yeasts. 
A complication, however, was the fact that the individually-fed pigs 
had continuous-flow waterers and the group-fed pigs had float-type 
waterers which, as previously pointed cut, have a considerably greater 
concentration of all organisms studied. This, along with access to feces 
and common feeders, offers a point at which sub-clinical infections might 
be passed from one pig to all others in the pen when group-fed. Before 
it can be determined whether or not the differences in count were the 
result of increased numbers of organisms in the waterers or cross-
contamination from one pig to another, further studies must be conducted 
using both types of waterers for berth management procedures. The gen­
erally lowered coefficients of variation with group feeding, however, do 
indicate that there is definitely some influence of one pig on another 
with respect to intestinal microorganisms. 
These results might confuse the situation in so far as the compari­
son of dietary effects on fecal counts are concerned, but the only 
organisms which did not vary significantly with diet were the total 
anaerobes and lactobacilli. When the analyses and Figures 1 to 4 are 
examined carefully it can be seen that, generally, dietary influences as 
well as time by diet interactions were predominant with the total aerobes, 
coliforms, streptococci, staphylococci, and molda aiiu yeaa La, but. uh« 
controlling influence on the total anaerobes and lactobacilli was appar­
ently concerned more with management. Possibly the dietary effects were 
great enough with the majority of organisms to mask any effects of 
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management. 
The general similarity of the results and analyses from the sacrifice 
phase of these studies brings forth similar questions with the intestinal 
microorganisms. 
In order to accurately relate criteria of performance such as gain, 
feed efficiency, and general condition of the pigs to the fecal and/or 
intestinal microorganisms, multiple correlations which are beyond the 
scope of these studies should be run. In lieu of this, it can be readily 
observed that improved performance was concurrent with general reductions 
in most organisms studied. This does not, however ; imply any direct 
cause and effect relationship at this point. 
The greatest difficulty in ascertaining the real significance of 
changes in fecal organisms with passage of time is in evaluating the 
possible influence of factors not directly measured such as the small, 
uncontrollable differences in overall laboratory procedure. However, 
these factors should be random and, through statistical analysis, readily 
accounted for. Furthermore, the relative consistency between experiments 
helps to establish the validity of the assumptions made concerning effects 
of time. At first glance, the sharp rise in count with the majority of 
organisms would seem to be simply the result of a concentrating effect 
brought about by rather low feed consumption in the period following 
weaning. However, closer observation reveals that the majority of organ­
isms from the lactose-fed pigs changed only slightly in population 
density during the first week reflecting the similarity of pre- and post-
weaning diets, conversely the starch diet provided a sharp change in 
substrate for the intestinal flora. The drop in coliform numbers with 
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all pigs actually continued to follow the pre-weaning pattern of a con­
sistent decline in the coliform count. The increase in molds and yeasts 
concomitant with this reduction has also been previously observed by 
Quinn et al. (57) while studying the mode of action of antibiotics. The 
general tendency for increasing counts over most of the experimental 
period is more difficult to understand. 
When considering only substrate concentration in the large intestine, 
the recent studies on digestive enzymes of the baby pig (3,32,33,42) 
provide the basis for s cane of the effects observed. For example, the 
rather poor utilization by the pigs of starch in the initial period, 
provided relatively large quantities of this undigested carbohydrate as 
substrate in the large intestine,- but as the experiment progressed, feed 
consumption increased and the pig's ability to utilize the starch was 
improved resulting in a tendency of these counts to plateau at about five 
weeks of age. 
Conversely, the pig's ability to utilize lactose is rather high 
initially and is generally considered to decrease with increasing age. 
This would provide more available carbohydrate for microbial growth in the 
posterior area of the digestive tract as time elapses, yet not to the 
extent as with starch feeding. With organisms which do not respond in a 
manner indicated by the above patterns of carbohydrate availability, other 
factors such as protein utilization, pH, gastrointestinal secretions, etc. 
mny he more intimately involved. Fax-Luer evidence for some of these 
former effects can be found in Tables 23 and 24 which present the analyses 
of variance indicating numerous significant time and diet interactions. 
The counts obtained from the sacrificed animals follow a pattern of 
increasing numbers from the anterior to posterior ends of the intestinal 
tract which is generally considered to be typical for most species. This 
is also the case for the pH measurements with the exception of two un­
usually high values. The general reduction in pH values with lactose 
feeding has been previously discussed (2). The differences in counts of 
the various intestinal microorganisms is not so well understood. It 
certainly cannot be related directly to pH alone as careful examination 
of these comparisons reveals some inconsistencies. 
Similarly, the differences in dilution cannot be the greatest deter­
mining factor as cecal counts were closer to rectal than ilial counts, 
but the percent moisture for cecal contents was closer to that found in 
the ilial contents. For example, average values for percent moisture in 
all samples, taken at the time of sacrifice, were as follows : (a) 
duodenum - 91.2 percent, (b) ileiss ~ 94-6 percent, (c) cecum - 93.0 
percent, and (d) rectum - 75.4- percent. Scms of tho more important con­
trolling factors might also be related to intestinal secretions and such 
materials as bile salts and digestive en^ mes in the duodenum as well as 
a differential rate of turnover throughout the various sections, probably 
being greater in the duodenum and ileum than the cecum and rectum. 
The insignificant differences for the total aerobes, total anaerobes, 
and lactobacilli throughout the intestinal tract with respect to diet are 
in agreement with results of Larson and Kill (4.0) and of Willing ale and 
Driggs (63) who sugges'o LhaL these populations are fairly stable. In the 
latter work only cecal and fecal contents were studied and different 
media were used. Dietary influences observed in these studies with the 
coliforms, streptococci, staphylococci, and molds and yeasts are contra­
dictory with those of the above workers as well as Horvath et al. (31), 
who studied levels of fat, fiber, and protein for growing-finishing swine 
and concluded that the intestinal flora was "buffered" and not readily 
subject to change. These latter workers (31) used only limited numbers 
over a considerable length of time apparently without litter control. 
Conversely, Quinn et al. (56) concluded from their work that there was no 
"normal flora" in the pig and suggested that the existing flora was a 
reflection of the quality and quantity of ration consumed. 
All of the above workers used practical type diets which would pro­
vide numerous sources of variation making it much more difficult to 
accurately repeat work of this nature and to directly compare results 
obtained at different times and places. 
The comparison of rectal counts to duodenal, ilial, and cecal counts 
reveals that differences in the latter three areas, resulting from 
dietary influences, are usually reflected in rectal or fecal counts but 
vary somewhat in degree. Also, the comparison of counts obtained here 
with those of other workers points out the need for more consistent pro­
cedures so that more logical comparisons can be made. For example, 
Bridges et al. (9,10) studied fecal microorganisms and reported that the 
majority fr~>m pigs 7 to 16 weeks of age were coliforms, staphylococci, 
and species of Proteus and Shigella, however, considerable individual 
variation was encountered. Horvath et al. (31) similarly found the coli-
fcrmc to be numerically predominant with the lactobacilli aiiu encerococci 
somewhat lower in numbers. Throughout their experiments, Larson and Hill 
(4.0) found the coliforms to be relatively high in numbers, but the lacto­
bacilli varied from very low counts to being the predominating organisms, 
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depending on the particular experiment reported. Although each of these 
experiments represented a somewhat different dietary regimen, the change 
in diet cannot be directly implicated as other variables were also 
present. The results reported herein are in general agreement with Quinn 
et al. (57) as well as Willingale and Briggs (68) in that the lactobscilli 
were the numerically predominating organisms followed by a comparatively 
lower coliform count. Furthermore, the rather high counts obtained for 
molds and yeasts agree with those of Quinn et al. (56) as compared to 
lower values observed by other workers (31,40). 
From these end other studies it can be seen that the major problem 
which arises in considering the intestinal and/or fecal microorganisms is 
that of variation which is not necessarily one simply of animal origin, 
but may actually be the result of inconsistencies found in experimental 
techniques. Although rather low laboratory variation was attained in 
these studies (as previously discussed), this was not the case in seme of 
the preliminary experiments and the present precision has resulted only 
after considerable time was spent observing sources of laboratory error 
and in training personnel. Variations in techniques of handling and 
feeding the animals have also been amply demonstrated here and elsewhere 
(56,57,68) to definitely influence the results obtained. 
A good example of animal variation can be found in the significant 
influence of replication and litter on various bacteriological counts 
uêïûouatraced in these studies. Although a certain portion of replication 
effects can be ascribed to the aforementioned laboratory variation, 
litter effects must be directly related to physiological characteristics 
of the individual pig as influenced by genetics and the environment 
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immediately following birth. The interaction of these effects with 
subsequent treatments inflicted on the animals further points out the 
need for more careful planning and control of experimental variables in 
studies of this nature. This litter influence has been observed to a 
limited extent in pigs as old as five months of age. 
Another factor which lends strength to the statement made by Quinn 
et al» (56) that there is no "normal flora" is the fact that the numerous 
laboratories are not in consistent agreement even as to the predominating 
group of organisms present which indicates that there are a great many 
influencing factors which must be more clearly understood. When consider­
ing all of the work conducted in this field, one immediately realizes the 
need for more studies directly concerned with the intestinal flora and 
not conducted just as an adjunct to other studies. Only then can the 
full significance of the intestinal flora be recognized and utilized. 
For example, the observations that the pig is born devoid of micro­
bial growth in the intestine and a characteristic intestinal flora 
develops within the next 24. hours, along with the observation that both 
litter and time directly influence and interact with this development, 
provide an excellent point at which desired changes in this flora might 
be made. The subsequent diet and management procedures could be utilized 
to further maintain this flora. However, the true meaning of small or 
large changes in the intestinal and fecal microorganisms, statistically 
ôlgiîlfletiuL or not, remains to be elucidated. 
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SUMMARY 
Studies have been conducted on the intestinal and fecal micro­
organisms of the pig to determine how they vary with diet, age, manage­
ment, and litter. Using purified diets with casein as the source of 
protein, beta-lactose was far superior to raw corn starch as the source 
of carbohydrate and individually-fed pigs showed a faster rate of gain 
than group-fed pigs. 
The organisms studied in these experiments were the total aerobes, 
total anaerobes, lactobacilli, coliforms, streptococci, staphylococci, and 
molds and yeasts. In experiments on the effects of diet azxl management, 
the group-fed pigs generally had higher counts and showed lower coeffi­
cients of variation in most organisms studied than those individually 
fed. Also, significant effects were observed with regard to litters and 
replication. 
The Influence of diet was studied using 48 pigs weaned at two weeks 
of age and fed to six weeks of age at which time half of the pigs were 
sacrificed and bacteriological examinations made on duodenal, ilial, 
cecal, and rectal contents. All fecal organisms with the exception of 
the total anaerobes and lactobacilli were lower in numbers when lactose 
was the carbohydrate fed as compared to starch. Furthermore, the coli­
forms, streptococci, staphylococci, and molds and yeasts were also lower 
in numbers with lactose feeding in all sections of the intestinal tract 
sampled. With most organisms studied counts increased sharply from the 
duodenum to cecum and only slightly from the cecum to rectum. The in­
fluence of diet on rectal counts generally reflected similar changes 
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throughout the Intestinal tract with variations occurring mainly in 
degree. 
Indications are that the intestinal tract of the newborn pig is rela­
tively devoid of microbial growth, but within 2& hours these populations 
reached their greatest density in terms of viable cells. Most of the 
organisms studied showed a general decline from one day of age up to 
weaning (two weeks of age) at which time they rose sharply in numbers to 
a level just below that attained at one day of age and then remained 
fairly stable. The coliforms, however, seem to follow a general tendency 
to decline in numbers frcm one day of age to market weight. 
Of the groups of organisms studied, the total anaerobes, total 
aerobes, and lactobacilli were generally predominating in numbers with 
the streptococci, coliforms, staphylococci, and molds and yeasts usually 
following in that order. Of course, these relationships were influenced 
to a certain extent hy age and also by location in a specific section of 
the intestinal tract. 
Of the organisms isolated from selective media the majority of 
grczn-negative reds -were Sscherieia coli. of graza-positive rods were 
Lactobacillus fermenti. and of gram-positive cocci were Streptococcus 
faecalis. 
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Table 5. Experiment 855A and 855B. Four week weight gain and feed 
efficiency 
Experiment 855A Experiment 8553 
Management Diet Litter Pig Gain Feed/gain Gain Feed/gain 
Group Starch 
Lactose 
1 a 14.4 
b 12.8 
2 a 8.2 
b 10.0 
3 a 10.6 
b 8.4 
1 c 13.9 
d 11.0 
2 c 15.5 
d 13.9 
3 c 17.7 
d 15.4 
> 1.59 
» 1.35 
7.6 
5.8 
6.7 
4. 1 
9.3 
4.7 ; 
11.2 
17.0 
H.6 
11.2 
19.3 
11.5 
> 1.97 
 ^1.27 
Individual Starch 
Lactose 
1 e 7.8 2.44 12.8 1.65 
f 10.6 1.44 8.6 1.65 
2 e 12.4 1.67 10.9 1.97 
f 10.9 1.63 12.9 1.70 
3 e 13.9 1.73 3.9 4.59 
f 15.4 1.49 7.9 1.87 
1 g 17.8 1.44 20.2 1.33 
h 12.9 1.44 16.8 1.52 
2 g 19.2 1.31 19.6 1.43 
h 19.2 1.35 17.3 1.46 
3 g 22.5 1.52 9.5 2.15 
h 16.2 1.60 11.7 1.71 
Table 6. Experiment 855A. Log of total aerobes and total anaerobes per gm. fresh feces 
Total aerobes Total anaerobes 
Age (wk.) Age (wk.) 
Management Diet Litter Pig 2 3 4 5 2 3 4 
Group Starch 
Lactose 
1 a 9.1461 8.3976 8.8573 9.0414 9.1461 8.9638 9.0000 9.5185 
b 8.8195 9.2304 9.1715 8.6812 8.6990 9.6232 9.0576 8.9445 
2 a 7.6532 8.4914 9.0414 8.7709 9.5563 8.8692 9.0414 9.6335 
b 8.5441 8.8573 9.5798 9.1761 8.7853 8.5911 9.1761 9.2788 
3 a 8.8129 9.0792 9.6232 9.0414 8.7076 9.0792 9.0792 9.0414 
b 8.5185 8.7634 8.7559 9.1761 9.0414 8.8692 8.9912 9.5051 
l c 8.6128 8.6335 8.8751 7.5911 9.3222 9.6721 9.9138 8.8976 
d 8.5441 9.1461 8.8751 8.94°' 8.6532 9.7924 9.5051 9.5315 
2 c 8.1139 7.8921 8.3424 9.32-2 8.6721 9.0414 8.9912 9.8513 
d 8.7634 7.8451 8.0792 9.0792 8.5563 8.8692 9.0792 8.6990 
3 c 9.2304 9.2788 8.7482 8.9085 9.3802 10.4472 9.8921 9.9243 
d 8.3424 7.9395 8.4771 7.4914 8.5315 9.0414 9.0792 9.0414 
Individual Starch 
Lactose 
1 
2 
3 
1 
2 
3 
e 
f 
e 
f 
e 
f 
g 
h 
g 
h 
g 
h 
8.9294 
7.9494 
8.6721 
6.5051 
7.5911 
7.9294 
7.2304 
8.1461 
8.4914 
8.2553 
7.8692 
8.4914 
8.7634 
8.8195 
8.6902 
7.6021 
9.0792 
7.7482 
7.5682 
8.7160 
8.5051 
8.6021 
8.0008 
6.6128 
9.7243 
8.5315 
8.9685 
7.5315 
9.0000 
8.0000 
8.5563 
9.5051 
7.7243 
8.5315 
8.7634 
7.5185 
9.7853 
8.6435 
9.0000 
8.8431 
9.0792 
7.7076 
9.8325 
9.9638 
8.6842 
8.2553 
7.7782 
7.5911 
9.3222 
9.6990 
8.6021 
8.6232 
8.5051 
8.9503 
8.1139 
8.4150 
8.4314 
8.7782 
8.8692 
9.0414 
8.7160 
8.8808 
8.7924 
7.5563 
9.1761 
7.9085 
9.0792 
8.8976 
8.4914 
8.9494 
8.6061 
7.6128 
9.7324 
9.8062 
8.8808 
7.9912 
9.8062 
8.1761 
9.6435 
9.5185 
8.7853 
8.8692 
9.7076 
8.2553 
9.5682 
9.0000 
8.0000 
9.8195 
9.1139 
8.5315 
9.8751 
9.8388 
8.2304 
8.6902 
9.2788 
9.4472 
Table 7. Experiment 855A. Log of lactobacilli and coliforms per gm. fresh feces 
Management Diet 
Group Starch 
Lactobacilli Coliforms 
Litter Pig 
Age (wk.) Age (wk.)_ 
4 
Lactose 
1 a 9.3979 8.8129 8.9868 8.9731 9.0414 7.4914 8.2304 8.1761 
b 8.8751 9.5185 9.2148 8.6232 8.8195 9.1139 8.4988 7.5051 
2 a 8.5563 8.4624 9.2041 9.1761 6.4150 6.7709 8.8451 8.3222 
b 8.6335 8.6902 9.5911 9.0414 8.1761 7.9823 9.2041 8.3424 
3 a 9.8261 8.9590 9.3424 8.8129 9.0000 8.4914 8.6232 8.6021 
b 8.9590 8.6721 8.9494 9.0000 8.1461 7.0414 7.5911 9.0792 
1 c 9.0792 8.8451 9.3617 8.6435 8.3979 6.3222 7.3802 6.1139 
d 8.7243 8.9731 9.0414 9.2304 8.3222 8.2041 7.7243 7.9638 
2 c 8.4150 8.1139 8.3979 9.0792 7.7559 7.1461 7.0000 7.5315 
d 8.7404 9.0792 9.2041 9.0792 8.5315 5.6021 7.4771 7.4914 
3 c 9.3424 10.2041 9.6628 8.8692 7.8692 8.0792 6.5798 7.7324 
d 8.4472 8.I46I 9.4472 8.8513 8.1139 6.7404 8.0792 6.6990 
Individual Search 
Lactose 
1 
2 
3 
1 
2 
3 
e 
f 
e 
f 
e 
f 
g 
h 
g 
h 
9.3802 
9.2304 
8.5563 
8.7160 
8.6628 
8.9091 
8.1139 
8.1461 
8.4914 
8.5315 
9.1461 
8.8513 
8.7160 
8.7559 
8.4624 
7.7324 
8.7559 
7.9243 
7.6628 
8.7853 
8.4771 
8.2041 
8.1526 
7.6335 
9.5798 
7.8633 
9.5563 
8.8062 
8.6902 10.4771 
7.8921 9.2054 
8.5388 
8.0792 
9.1461 
8.0414 
9.0792 10.0414 
8.5051 10.0414 
8.0000 9.8513 
8.8865 8.3222 
9.2041 8.4771 
8.8388 8.7324 
9.0414 
7.7160 
8.4914 
5.3010 
8.3617 
7.7823 
7.5185 
8.0414 
7.8513 
8.2041 
7.5441 
8.3979 
8.0414 
8.3010 
6.6021 
6.9294 
7.3222 
7.3979 
6.9191 
8.6335 
6.2304 
6.6021 
7.2168 
5.6990 
7.7709 
7.3222 
6.8325 
6.8976 
7.5798 
7.5051 
7.5563 
9.1139 
7.5051 
5.6232 
7.8195 
5.6232 
9.3802 
6.9345 
6.8573 
7.6721 
9.0414 
7.3222 
9.3617 
9.3010 
7.5682 
6.3010 
7.6990 
6.2041 
Table 8. Experiment 855A. Log of streptococci and staphylococci per gm. fresh feces 
Streptococci Staphylococci 
Age (wk,) Age (wk.) 
Management Diet Litter Pig 4 4 
Group Starch 
Lactose 
1 a 6.2041 8.5051 7.9956 7.9243 6.5911 5.5911 5.6435 6.5911 
b 7.2788 8.2041 7.8061 8.1139 6.3617 6.3010 6.0536 6.6128 
2 a 6.8692 7.0414 7.7709 8.0792 5.3010 5.9191 5.8692 7.0414 
b 5.7924 8.6128 6.7076 8.9542 5.6812 5.9294 5.4914 6.8751 
3 a 8.0792 8.7993 8.5563 8.7782 5.6990 6.1461 6.5315 6.5051 
b 7.5441 7.9777 8.0000 8.2304 5.0414 5.7782 6.7324 6.8921 
1 c 6.8921 8.2553 7.8573 7.8388 6.8751 6.8865 6.8062 6.7853 
d 5.9294 8.8388 8.5051 8.5315 6.0000 8.0414 6.7853 6.8451 
2 c 7.3010 7.6902 7.7404 8.8573 5.9243 7.2304 6.7324 6.1761 
d 5.3222 5.5682 7.9445 7.6902 5.2788 4.8325 4-8976 6.0414 
3 c 6.2553 9.3424 7.5315 7.5911 5.1761 6.7937 5.9868 5.6232 
d 6.8388 6.6335 7.6435 6.5051 5.2553 6.9777 5.9138 4.7634 
Individual Search 
Lactose 
1 e 8.0792 8.0792 8.1461 8.1139 7.0414 5.9638 7.0414 6.5798 
f 6.8129 7.6721 7.0414 8.6232 7.0414 6.5315 5.8129 7.6232 
2 e 5.6990 8.4150 8.4314 8.9590 6.7482 5.5051 5.5315 4.7243 
f 6.0792 7.6232 7.0414 9.2788 5.1761 4.7243 5.9085 6.1461 
3 e 6.9590 6.8388 7.6628 8.3010 5.2304 5.2788 6.6435 6.7482 
f 6.7259 8.0000 7.8692 6.7559 6.2475 5.0414 6.7076 4.6812 
1 g 6.0414 5.0000 7.9395 6.6532 6.7482 5.5798 6.6628 4.5911 
h 7.0000 8.0414 9.2304 8.6435 6.5185 6.5315 6.6721 6.6721 
2 g 8.2553 6.4914 6.5185 7.6128 7.4914 5.5798 5.4914 4.5911 
h 7.1761 7.4624 7.6812 6.8388 6.6232 5.5911 5.4914 4.6021 
3 g 6.9956 6.7001 8.5051 7.3010 5.2304 5.6538 7.1139 6.5315 
h 8.0792 6.5051 7.5315 6.5185 5.7324 4.9868 6.4624 4.6435 
Table 9. Experiment 355A. Log of molds and yeasts per gm. fresh feces 
Age (wk.) 
Management Diet Litter Pig 2 3 4 5 
Group Starch 
Lactose 
Individual Starch 
Lactose 
1 a 5.6721 5.5315 7.9395 6.8633 
b 4.6021 6.9243 7.9743 7.0792 
2 a 4.3802 5.7782 8.0414 8.1761 
b 4.0414 6.2788 8.4914 3.2041 
3 a 5.4914 5.6721 7.5798 7.8692 
b 4.6335 5.8129 7.8195 8.5315 
1 c 5.8129 4.3424 5.6902 5.4914 
d 5.3010 5.9685 6.0414 6.2304 
2 c 5.7853 4.7782 5.4150 6.5798 
d 4-5798 3.4771 5.3010 5.8751 
3 c 5.0414 5.6812 6.8633 4.9956 
d 4.6812 4.1461 7.9031 6.0414 
1 e 4.4150 4.9731 7.3010 9.0000 
f 4.4472 6.5563 4.5682 6.8692 
2 e 4.7160 6.8865 6.5315 9.3979 
f 3.4771 6.0000 4.9191 9.3010 
3 e 4.0792 4.2304 6.1139 8.7634 
f 4.2269 5.4771 6.9191 6.8451 
1 g 4.2041 4.6721 4.7076 9.3979 
h 5.0000 3.8451 4.1761 9.4771 
2 g 3.7782 4.1761 3.9031 8.9542 
h 5.4914 4.2553 3.8451 7.9138 
3 g 4.2553 4.3010 4.6990 5.5798 
h 5.3010 4.3010 3.6021 5.0792 
Table 10. Experiment 855B. Log of total aerobes and total anaerobes per gm. fresh feces 
Total aerobes 
Management Diet Litter Pig 
Age (wk.) 
Total anaerobes 
Age (wk.) 
Group Starch 
Lactose 1 
2 
3 
a 
b 
a 
b 
a 
b 
c 
d 
c 
d 
c 
d 
7.7482 
7.6628 
8.7993 
8.4472 
8.2041 
9.04.14. 
7.5441 
7.9085 
8.9823 
8,6335 
8.2788 
8.9777 
9.3010 
9.4771 
8.5315 
8.7404 
9.1761 
9.2041 
8.7076 
8.1761 
8.5051 
7.8195 
9.0000 
8.3802 
9.6532 
9.4472 
9.8513 
9.7709 
9.8325 
9.6812 
8.5563 
9.8062 
8.4914 
8.8573 
9.0414. 
10.0414 
9.1139 
9.2788 
9.7853 
9.1139 
9.5315 
9.I46I 
9.0792 
9.2788 
8.04.14. 
9.2304 
9.5315 
9.5682 
8.2041 
7.9638 
9.4914 
8.9191 
8.7324 
10.0000 
7.8751 
8.2788 
8.9445 
9.1761 
9.1761 
9.4314 
9.5682 
9.6812 
9.1461 9.9590 
9.1139 10.1139 
9.4150 10.1761 
9.3222 10.0000 
9.5563 10.0414 
6.0000 9.7634 
9.7324 
9.8751 
9.8062 
9.7404 
9.8261 10.1139 10.1461 
8.9191 9.8062 9.8976 
8.8261 10.1139 9.5315 
8.4624 9.2553 10.0792 
9.6902 10.0414 10.0000 
8.9912 10.4624 10.0000 
Individual Search 
Lactose 
1 
2 
3 
1 
2 
3 
e 
f 
e 
f 
e 
f 
g 
h 
g 
h 
8.0792 
7.9542 
8.4914 
9.0792 
8.4970 
8.8808 
7.8865 
8.0000 
9.2041 
8.8751 
8.4314 
7.6128 
8.5315 
9.1688 
9.7782 
9.3802 
9.3617 
8,7924 
8.7559 
7.1761 
7.8062 
8.1139 
9.2788 
8.7853 
9.4914 
9.7924 
9.3010 
9.3617 
9.4451 
9.2788 
8.7160 
9.8388 
7.7076 
8.2788 
9.0000 
7.0000 
9.4314 
9.3802 
8.7404 
8.5315 
8.9349 
8.5911 
9.6990 
9.5441 
8.0414 
8.1761 
9.7076 
8.2304 
8.5315 
8.6128 
6.4771 
9.6128 
8.4627 
9.0792 
7.8513 
8.7324 
9.5185 
9.4914 
8.9445 
8.5315 
8.8451 
9.2261 
9.5441 
9.5798 
9.4624 
8.6990 
9.5315 
9.6628 
9.8325 
9.6628 
9.6442 
9.5315 
9.9868 9.1461 
9.4624 9.9138 
9.14.61 9.9085 
8.9638 8.9243 
9.8062 10.0792 
9.9138 8.9590 
9.7993 
9.9956 
9.0000 
9.1139 
9.3900 
9.0414 
9.9868 
9.5315 
9.8921 
9.2041 
10.6532 
9.1139 
Table 11. Experiment 855B. Log of lactobacilli and coliforms per gm. fresh feces 
Lactobacilli Coliforms 
Management Diet Litter Pig 
Age (wk.) Age (wk.) 
5 
Group £tarch 1 a 7.7243 9.2788 9.2304 9.0000 7.2304 8.7709 9.1139 8.5911 
b 7.3222 9.5682 9.4914 9.5911 6.9395 9.2041 9.2304 9.2788 
2 a 9.0000 8.1139 9.6435 9.7482 8.5682 6.8921 9.2041 9.6628 
b 8.4914 8.6128 9.6435 9.3802 8.2553 7.1761 8.8325 8.5315 
3 a 8.5563 8.9685 9.9731 9.5798 8.0000 8.0792 9.5051 9.1761 
b 9.7076 9.0792 9.7404 9.2041 8.8976 8.5051 9.1139 9.0414 
Lactose 1 c 7.4771 8.5051 10.0792 9.9191 6.3617 5.4771 7.8808 8.2553 
d 7.9590 8.4914 9.6990 9.5441 6.9191 7.2788 8.6128 7.5911 
2 c 8.9638 8.3222 8.7076 8.9191 8.8513 7.7160 6.8388 6.8865 
d 7.8062 7.6628 8.8062 9.6435 8.1461 7.2553 6.9590 5.0000 
3 c 9.0414 8.9395 9.7243 9.7993 7.4771 6.7076 6.9638 7.8062 
d 9.1139 7.8921 9.4624 9.7324 8.8062 5.6021 8.8129 7.0000 
Siarch 1 e 8.1461 8.6128 9.0792 8.6532 7.8921 7.0792 9.2788 8.5441 
f 8.1761 8.9883 9.1139 9.5682 8.0792 7.7006 8.9031 8.7160 
2 e 6.3010 9.2041 9.0792 8.7634 8.6128 8.1139 7.8062 7.4771 
f 8.9638 9.0000 9.0792 8.7404 8.9590 8.2304 7.1761 7.1139 
3 e 8.1332 9.5563 8.9553 8.9035 8.4373 8.2041 8.3954 7.9693 
f 9.0792 8.5682 8.4150 8.7924 8.6435 6.8573 8.8129 7.9956 
Ltictose 1 g 7.6435 8.5682 8.8388 9.8388 7.1461 7.8976 7.5441 7.7634 
h 8.1761 7.8751 9.8195 9.2553 6.3424 6.0792 9.3222 5.6628 
2 g 9.4914 8.0000 8.3424 8.8195 8.8451 5.3010 5.3010 5.0000 
h 8.7482 8.2041 8.3424 8.3222 8.7782 7.9731 8.1139 8.1761 
3 g 9.0792 9.2304 9.2788 10.0414 8.3010 6.3424 6.8921 8.5315 
h 8.1139 8.6435 7.7404 8.2788 8.6812 7.8513 6.6435 8.4914 
Table 12. Experiment 855B. Log of streptococci and staphylococci per gm. fresh feces 
Streptococci Staphylococci 
Diet Litter Pig 2 
1KB 1 
3 5 è 2 
•HKC i 
3 5 6 
Starch 1 a 7.1461 8.8573 9.0414 8.6435 6.1139 6.2553 6.2041 8.1139 
b 6.0414 9.3979 9.3979 8.3424 6.5563 6.3617 6.6435 8.4150 
2 a 7.1139 8.0414 8.9956 9.0414 6.5315 6.5911 6.5682 7.5798 
b 7.2041 7.5682 9.1761 8.8692 5.9542 6.0000 7.3802 7.4314 
3 a 6.5315 8.7243 9.1761 8.9243 6.5051 6.8513 7.0792 7.5563 
b 7.7324. 8.9777 8.8062 8.4914 5.7853 6.5185 6.6335 7.0792 
Lactose 1 c 6.0414 7.3617 8.7076 8.7709 6.5315 6.2788 6.3424 8.0000 
d 6.1461 7.8865 8.5315 8.6721 5.8261 4.4914 6.7853 7.6021 
2 c 7.6435 7.4150 7.5315 6.5315 6.4914 5.8513 5.2553 5.7324 
d 7.4771 6.6721 6.8865 6.5911 6.4624 5.2041 4.7853 5.8692 
3 c 7.6021 6.3617 8.7482 7.5315 6.9243 5.1139 6.0414 6.9912 
d 6.7324 7.9085 9.1461 8.0414 5.7324 5.6990 6.7324 6.2041 
Group 
Individual Starch 
Lactose 
1 e 7.5315 8.2788 8.9345 8.9445 6.0792 7.2304 7.1139 8.4150 
f 6.9868 8.5935 8.9590 9.0414 6.6232 6.5905 8.3979 7.8976 
2 e 6.6628 9.0414 8.8976 7.9494 6.0792 6.6990 7.9777 7.3802 
f 7.3617 8.4624 8.9731 7.5911 5.4150 6.6532 8.2553 7.5051 
3 e 6.9688 8.6532 8.9377 8.3405 5.9700 6.8513 7.4672 7.7981 
f 6.3010 8.5315 8.9243 8.1761 5.6532 5.5185 5.5911 7.7924 
1 g 5.8062 7.9823 7.9590 9.3617 6.8325 3.4771 5.7709 9.0000 
h 7.1461 6.1139 7.3010 6.6232 7.0414 3.7782 4.5798 4.3424 
2 g 7.5185 6.1761 6.8388 5.5798 6.1139 3.8451 4.4472 5.5315 
h 7.8633 7.0792 6.4771 6.6902 6.0000 6.3802 4.5315 7.5051 
3 g 6.5051 7.3617 7.5563 8.7324 6.1461 3.6990 4.8808 6.8062 
h 6.2041 6.9445 6.5798 6.0414 5.8062 5.8388 4.7324 7.2041 
69 
Table 13. Experiment 855B. Log of molds and yeasts per gm. fresh feces 
Group 
Diet Litter Pig 
Age (wk.) 
2 3 5 6 
Starch 1 a 4.6123 8.8325 7.7243 6.8513 
b 4.4914 7.7243 6.9685 6.8573 
2 a 6.7559 7.2553 7.5798 8.0000 
b 5.9031 5.8325 6.9345 7.0414 
3 a 6.8195 6.8195 7.7404 7.5185 
b 6.5051 6.2553 7.0792 5.4624 
Lactose 1 c 4.3010 5.2041 6.7324 6.7324 
d 3.6021 6.6628 6.5185 5.6812 
2 c 7.0414 5.1761 6.3979 5.9191 
d 6.2041 4.4150 5.8451 6.0414 
3 c 6.0000 3.7782 7.3617 6.0792 
d 6.5798 5.0000 6.7243 6.2553 
Starch 1 e 5.8751 7.3222 9.1139 7.3222 
f 4.9031 6.8910 7.8513 6.7076 
2 e 6.6812 6.8921 7.6902 6.1761 
f 5.8062 6.9685 6.6902 7.4914 
3 e 6.0088 6,5563 7.8850 7.1313 
f 6.7782 6.7160 8.0792 7.9590 
Lactose 1 g 4.9590 4.5315 7.1461 6.1139 
h 5.5185 5.0792 9.2788 6.1461 
g 7.0000 4.5051 6.5315 5.7666 
h 6.6990 6.3222 8.0792 5.0414 
g 6.0000 3.0000 7.1139 5.6021 
h 5.7924 4.0000 6.8261 5.9294 
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Table 14» Experiment 855A and 855B. Average fecal counts of all 
organisms for management and diet effects 
Management 
Organism Diet Group Individual 
Total aerobes Starch 9.0056 8.7368 
Lactose 8.6566 8.3971 
Total anaerobes Starch 9.2192 9.0312 
Lactose 9.3631 9.1476 
Lactobacilli Starch 9.0610 8.7469 
Lactose 8.9414 8.6847 
Coliforms Starch 3.4023 7.8625 
Lactose 7.3763 7.4482 
Streptococci Starch 8.084.7 7.9219 
Lactose 7.5009 7.1492 
Staphylococci Starch 6.4560 6.4923 
Lactose 6.1578 5.7517 
Molds and yeasts Starch 6.7282 6.5315 
Lactose 5.6724 5.5812 
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Table 15. Experiment 855A. Average fecal count of all organisms for 
time effects 
Age of pig (wk.) 
Organism 2 3 4 5 
Total aerobes 8.2984 8.4484 8.6992 8.7664 
Total anaerobes 8.8501 8.8969 9.1658 9.2192 
Lactobacilli 8.8221 8.5724 8.9109 9.0866 
Coliforms 8.0350 7.3700 7.5993 7.8001 
Streptococci 6.8420 7.5957 7.8190 7.9456 
Staphylococci 6.0422 5.9748 6.2076 6.0369 
Molds and yeasts 4.7256 5.1694 6.0977 7.4382 
Table 16. Experiment 855B. 
time effects 
Average fecal counts of all organisms for 
Age of pig (wk.) 
Organism 2 3 5 6 
Total aerobes 8.3842 8.7478 9.1767 9.0711 
Total anaerobes 8.7516 9.3166 9.5998 9.7223 
Lactobacilli 8.3840 8.6619 9.1785 9.2516 
Coliforms 8.O488 7.3456 8.1357 7.8442 
Streptococci 6.9278 7.8496 8.3534 7.9801 
Staphylococci 6.2156 5.7407 6.2552 7.2397 
Molds and yeasts 5.8682 5.9058 7.3288 6.4928 
Table 17. Experiment 855A and 855B (sacrifice). Log of total aerobes and total anaerobes per gm. 
frssh content 
Total aerobes Total anaerobes 
Section Section 
Management Diet Litter Pig Duodenum Ileum Cecum Rectum Duodenum Ileum Cecum Rectum 
Group Starch 
Lactose 
Individual Starch 
Lactose 
1 a 5.9542 7.3979 8.3265 8.4914 6.1761 
b 5.2304 7.5798 8.1761 8.3010 5.6812 
2 a 5.5051 8.1461 8.8388 9.2304 5.6128 
b 5.6128 7.4771 7,5315 8.6435 6.6232 
3 a 7.3222 8.2553 8.7243 9.1139 7.5315 
b 7.1461 7.7709 8.3617 9.2788 7.6335 
1 c 5.3010 6.6812 8.5080 8.8062 6.9445 
d 5.5563 8.2304 9.2304 8.7324 6.8129 
2 c 4.0000 7.3222 7.6021 8.9494 4.7782 
d 4.0000 6.4771 7.0000 7.2041 5.4914 
3 c 6.3979 8.3802 9.5315 9.0792 6.7709 
d 6.1461 8.7924 9.1761 9.2788 6.6021 
1 e 6.6990 7.9085 8.4914 8.6120 6.9085 
f 5-0000 7.5798 7.2041 8.0414 4.9031 
2 e 4.9542 6.8261 6.0000 7.5441 4.7782 
f 5.5051 5.0000 8.4150 8.6628 6.3979 
3 e 7.0792 8.3424 8.5682 9.4314 6.5798 
f 6.6128 8.3222 8.5185 9.3802 6.6232 
1 g 6.5563 6.6532 8.1461 9.1139 6.8388 
h 5.5315 8.9191 8.6628 8.8808 6.7709 
2 g 4.4771 6.0414 6.0000 6.7782 4.3010 
h 4.3010 6.5315 7.7709 8.7076 4.6021 
3 g 7.8633 7.8513 8.9494 9.6990 8.1139 
h 6.5682 7.3802 8.6335 9.5441 6.8062 
9.0792 10.3617 
7.7324 9.6628 
8.5051 
5.3010 
8.9956 
7.7709 
7.8513 
8.9685 
7.3979 
6.0000 
8.8692 
8.8573 
6.8388 
7.9685 
7.2304 
6.3222 
8.72# 
8.5185 
6.5315 
8.9590 
6.4314 
7.2788 
8.6990 
7.3222 
8.6628 
9.0000 
8.8692 9.6990 
9.3010 9.6628 
9.1139 10.0414 
9.2041 9.7634 
8.8633 9.3979 
9.5315 9.7924 
9.0414 9.8195 
8.2553 9.0792 
9.3617 10.1461 
9.0414 9.8976 
9.2304 
8.0414 
7.8129 
9.1461 
9.5682 
8.7559 
8.3617 
9.4914 
8.7324 
8.6128 
9.3222 
8.9395 
9.5315 
8.3802 
7.6902 
9.4771 
9.7993 
9.9956 
9.4914 
9.6435 
8.8261 
9.3222 
9.9868 
9.5315 
Table 18. Experiment 855A and 855B (sacrifice). Log of lactobacilli and coliforms per gm. fresh 
content 
Lactobacilli Coliforms 
Section Section 
Management Diet Litter Pie Duodenum Ileum Cecum Rectum Duodenum Ileum Cecum Rectum 
Group Starch 1 a 6.3010 8.3802 8.5936 3.5911 4.5798 8.0792 7.2304 7,5441 
b 5.8062 7.3979 7.8388 8.3802 4.6335 5.8261 7.4150 6.9191 
2 a 5.7559 7.8513 8.7782 9.1761 4.7404 6.2304 8.0000 9.0000 
b 6.7076 7.8195 8.9494 9.1461 4.0000 6.9243 6.7482 7.9494 
3 a 7.2553 8.0792 8.4150 9.0000 5.1761 7.9294 8.3979 8.5911 
b 7.4472 7.6902 8.9868 9.5911 5.7924 7.6812 7.7709 9.2788 
Lactose 1 c 6.5441 7.8633 8.9903 9.2553 4.6435 6.4914 7.0792 5.2553 
d 6.0792 8.7559 9.4914 9.6435 3.4914 7.5315 7.5051 7.2041 
2 c 4-6990 7.5051 8.5682 9.4771 3.4914 6.6902 5.6902 6.5185 
d 5.3979 5.7782 8.4150 8.8325 3.9085 4.6335 6.7482 5.8692 
3 c 6.4472 8.5185 9.3010 9.9191 2.4771 7.9494 7.8325 8.2553 
d 7.2788 7.7634 9.1761 9.5441 4.8325 8.4771 8.1461 7.5911 
Individual Search 1 e 6.6128 7.6990 8.7482 8.6019 4.6335 6.8633 7.5185 7.6021 
f 6.3010 7.8921 7.6812 8.1761 2.4771 5.0792 5.8573 7.9243 
2 e 4.7782 6.8062 7.0000 7.6628 2.3010 5.1461 6.0000 5.4771 
f 6.3010 5.4771 8.7853 8.9494 5.6435 6.8513 8.4314 7.5051 
3 e 6.2041 8.1761 8.6128 8.6532 4.9191 7.7076 8.0000 8.5441 
f 6.6335 8.5682 8.7324 9.5682 4.7709 8.2553 8.0792 8.7160 
Lactose 1 g 6.6532 6.5315 8.1761 8.9494 3.3185 4.0792 5.0792 5.8062 
h 6.4771 9.0414 8.3010 9.4914 4.4771 8.1461 8.6021 7.6435 
2 g 4.3010 6.0792 6.9542 6.3010 2.0000 5.0792 5.2788 5.0000 
h 4.9031 7.1461 7.9731 8.9085 2.0000 6.9731 7.2041 7.1139 
3 g 7.8808 8.6628 9.2788 9.8388 4.1761 6.4314 7.9085 7.7634 
h 6.6532 7.0792 8.7404 9.2553 3.9395 4.1461 5.5911 5.6628 
Table 19. Experiment 855A and 855B (sacrifice). Log of streptococci and staphylococci per gm. 
fresh content 
Streptococci 
Section 
Staphylococci 
Section 
Management Diet Litter Pig DuodenumIleum Cecum Rectum Duodenum Ileum Cecum Rectum 
Group Starch 
Lactose 
Individual Starch 
Lactose 
1 a 5.7782 7.8062 7.9516 7.8062 5.7324 
b 5.4771 7.2041 8.0000 7.7634 4.5315 
2 a 5.3617 8.0414 8.2304 8.1461 3.9345 
b 6.3802 7.5185 7.9868 8.3617 4.4914 
3 a 6.5051 8.4150 7.7482 8.6435 6.2041 
b 6.1761 7.3979 7.7924 8.3424 6.3424 
1 c 4.9685 6.5798 7.0963 7.7324 3.9243 
d 4.0000 6.4914 7.5315 7.7324 2.6021 
2 c 3.5911 7.2788 6.3010 7.8921 3.3802 
d 4.4914 5.5911 6.5315 6.9031 3.3010 
3 c 5.5315 7.4914 7.2788 8.7709 5.2553 
d 4-9868 7.6335 7.8388 8.6721 4.9031 
1 e 5.8388 6.8325 8.0000 8.2623 5.1461 
f 4.3424 7.7324 8.1461 7.3617 3.2553 
2 e 3.8751 6.7853 6.4150 7.6021 3.5563 
f 4.6128 6.6335 8.1139 8.3617 3.9731 
3 e 6.I46I 8.0792 8.5911 8.9445 6.8751 
f 6.3979 8.2041 8.3222 9.0414 4.6628 
1 g 4.0414 4.2041 5.4914 7.7324 3.3222 
h 4.0792 5.1461 6.6435 7.0000 2.3010 
2 g 3.9912 5.8062 5.3010 6.5315 2.0000 
h 3.5315 6.6021 7.7482 8.3802 3.0000 
3 g 5.5563 6.7324 7.7076 9.3617 5.0414 
h 5.7160 6.2304 6.4624 6.6232 4.9731 
6.6128 
5.5185 
6.1139 
6.3010 
6.8261 
7.3222 
6.1761 
6.0792 
6.1761 
4.3010 
6.5051 
7.5185 
6.1761 
6.5798 
5.3222 
5.2304 
7.4914 
7.9685 
3.5315 
4.9304 
3.6021 
5.2553 
6.5911 
5.6721 
6.6128 
7.2041 
6.2304 
6.4914 
7.6812 
6.8195 
4.8062 
5.3424 
4.8451 
4.5051 
6.8692 
7.6335 
6.8062 
5.7709 
5.4914 
6.4914 
7.7243 
8.0414 
4.5911 
5.5911 
4.6721 
5.8451 
7.6335 
4.5185 
7.0000 
6.4771 
7.3979 
6.6435 
8.1139 
8.4150 
4.3802 
6.3979 
5.832 5 
4.9243 
8.0000 
7.6021 
6.8921 
7.3979 
7.2304 
6.1461 
8.4150 
7.8976 
4.6021 
6.6128 
6.0414 
5.7243 
9.0000 
4.3424 
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Table 20. Experiment 855A and 855B (sacrifice). Log of molds and 
yeasts per gm. fresh content 
Group 
Diet Litter Pig 
Section 
Duodenum Ileum Cecum Rectum 
Starch 1 a 5.0000 7.2041 9.4624 6.7709 
b 5.49 14 5.5315 6.3802 6.6812 
2 a 4.7076 6.7160 6.5051 7.0414 
b 5.0000 5.8751 6.8129 6.8062 
3 a 6.8129 7.2553 7.5051 6.8513 
b 5.7482 6.8865 6.7482 6.8573 
Lactose 1 c 4.7782 5.9823 9.5051 4.3802 
d 2.7782 4.4914 4.4150 4.8808 
2 c 3.8062 4.9590 4.9956 5.5051 
d 4.0414 3.6021 4.5911 5.3010 
3 c 5.6812 6.8451 6.5563 6.7324 
d 4.7709 6.3424 6.2304 5.6812 
Starch 1 e 5.5911 6.4472 6.6532 9.4472 
f 4.0792 5.6628 6.3979 6.1139 
2 e 3.6990 4.8921 4.8129 4.8865 
f 3.6628 5.6990 6.4150 6.0000 
3 e 6.9638 7.2788 7.3424 7.3222 
f 6.0792 6.5051 6.3062 6.7076 
Lactose 1 g 4.2304 5.9542 4.0000 5.4771 
h 4.7476 2.8451 3.6021 4.2041 
2 g 3.7924 4.5911 5.5563 5.5315 
h 3.9638 4.8451 6.4314 5.8513 
3 g 5.6721 5.7709 6.0792 6.1139 
h 6.0792 6.0414 5.9731 6.1461 
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Table 21. Experiment 855A and 855B (sacrifice). The pH values from 
various sections of the digestive tract 
Section 
Diet Experiment Litter Pig Stomach Duodenum Ileum Cecum Rectum 
Starch 855A 
855B 
Lactose 855A 
855B 
1 a 5.6 7.9 7.9 — 
b u .  1 5.4 6.2 5.8 6.8 
e 5.2 7.9 6.1 
f 4-.6 5.1 6.8 6.6 7.7 
2 a 4.5 5.4 6.3 6.0 6.5 
b 4.1 5.8 6.3 6.5 6.9 
e 3.3 5.1 7.2 7.5 7.5 
f 4.7 6.1 5.9 6.1 7.4 
1 a 3.8 5.7 4.7 5.0 6.6 
b 3.9 4.5 6.2 5.2 6.9 
e 4.2 5.1 4.7 5.8 6.5 
f 4.0 5.5 5.4 5.2 6.9 
1 c 5.3 9.2 7.4 
d 3.1 5.2 7.3 6.4 7.1 
g 4.8 8.9 5.2 
h 4.1 5.3 6.8 6.3 6.8 
2 c 4.0 5.0 7.0 4.9 6.9 
d 4.2 5.8 7.1 4.7 5.6 
g 2.2 5.8 6.8 5.7 7.9 
h 3.2 5.0 6.2 5.8 7.1 
1 c 3.9 5.2 4.9 5.0 7.0 
d 4,0 5.0 5.6 5.2 7.2 
g 4.2 4.5 6.3 4.9 5.7 
Table 22. Experiment. 855A and 855B. Partial analysis of variance for all fecal organisms with 
the main effects pooled 
Organism 
Source8 df 
Total 
aerobes 
Total 
anaerobes Lactobacilli Coliforms Streptococci Staphylococci 
Molds & 
yeasts 
Mean squares 
M 1 3.3495* 1.9535* 3.9099"* 2.6263 3.1760 1.6407 0.9948 
D 1 5.6930** 0.8137 0.3961 24.8925** 22.0808%* 12 .9487** 48.2898** 
R 5 1.5494* 1.8836** 0.4860 2.1190 1.2246 3.1567** 3.0921** 
M x D 1 0.0005 0.0091 0.0396 4.4896 0.4277 2.3493 0.1336 
M x R 5 0.6242 0.5267 0.2230 0.6494 0.3965 0.1826 1.5153 
D x R 5 0.3157 0.1222 0.1284 1.2067 1.2201 2.5657** 0.4765 
M x D x R 5 0.1743 0.3678 0.0649 0.3738 0.5512 0.9348 0.5536 
Error 24 0.5950 0.3984 0.3912 1.1484 0.7790 0.6444 0.5876 
Remainder 144 0.3754 0.4011 0.4065 0.8060 0.8843 0.8182 2.0629 
Total 191 0.4749 0.4429 0.4020 1.0334 0.9878 0.9656 2.0354 
= management, D = diet, R = replication. 
S^ignificant effect at P = 0.05 or less. 
S^ignificant effect at P = 0.01 or less. 
Table 23. Experiment 855A. Partial analysis of variance for all fecal organisms with time 
Organism 
Source8 df 
Total 
aerobes 
Total 
anaerobes Lactobacilli Coliforms Streptococci Staphylococci 
Molds & 
yeasts 
Mean sauares 
T 3 1.1413** 0.8341* 1.0997** 1.9301* 5.3571** 0.2383 34.4875** 
T x M 3 0.3678 0.4139 1.0209** 0.5595 1.1078 2.6457** 10.2908%* 
T x D 3 0.3436 0.3257 0.2024 0.5520 1.4547* 1.6746** 5.8320** 
T x L 6 0.2826 0.1064 0.4112 0.1592 0.9115 0.8240 1.5010* 
T x M x D 3 0.0509 0.1039 0.0870 0.1917 0.9240 0.2056 0.7174 
T x M x L 6 0.5033* 0.2004 0.1495 0.8687 0.3779 0.4965 0.9595 
T x D x L 6 0.3818 0.1548 0.3073 0.8824 0.6865 0.2608 1.5660* 
T x M x D x I. 6 0.3786 0.2718 0.2673 0.2863 0.6240 0.3207 0.7046 
Error 36 0.1812 0.20/.4 0.1976 0.6228 0.4961 0.3798 0.5501 
Remainder 23 0.9186 0.5098 0.3600 1.6204 0.9485 0.8582 1.8017 
Total 95 0.4488 0.3002 0.3098 0.8692 0.8769 0.6223 2.5643 
aT = tine, M = management, D = diet, L = litter. 
#Significant effect at P = 0.05 or less. 
S^ignificant effect at P = 0.01 or less. 
Table 24. Experiment 855B. Partial analysis of variance for all fecal organisms with time 
Organism 
Source8 df 
Total 
aerobes 
Total 
anaerobes Lactobacilli Colifortas Streptococci Staphylococci 
Molds & 
yeasts 
Mean squares 
T 3 3.0641** 4.4813** 4.1628** 3.0034** 8.7993** 9.5079** 11.1865** 
T x M 3 0.3966 0.2347 0.7511* 1.0437 0.4502 0.2000 1.2919* 
T x D 3 0.9547** 0.0591 0.8307* 1.3275 2.4271** 4.5441** 4.8230** 
T x L 6 1.1053** 0.7234 0.8290* 3.2462** 1.4082** 0.5564 3.7549** 
T x M x D 3 0.0995 0.6068 0.0818 1.6456* 0.2467 1.4227 0.2470 
T x M x L 6 0.4396 0.3254 0.3784 0.3898 0.4691 0.6122 1.0902** 
T x D x L 6 0.3129 0.6047 0.3658 0.7148 0.8535* 0.6514 0.3236 
T x M x D x L 6 0.1783 0.3289 0.2791 0.9922 0.3441 0.2742 0.0519 
Error 36 0.1883 0.3592 0.2442 0.4900 0.3230 0.5238 0.3033 
Remainder 23 0.4968 0.4506 0.4323 1.8726 1.6109 1.8521 1.5743 
Total 95 0.4629 0.5404 0.4982 1.1982 1.0831 1.2742 1.3800 
®T = time, M = management, D = diet, L = litter. 
S^ignificant effect at P = 0.05 or less. 
S^ignificant effect at P = 0.01 or less. 
Table 25. Experiment 855A and 855B (sacrifice). Partial analysis of variance for all intestinal 
organisms with the main effects pooled 
Organism 
Source8 df 
Total 
aerobes 
Total 
anaerobes Lactobacilli Goliforms Streptococci Staphylococci 
Molds & 
yeasts 
Mean sauares 
H 1 0.7597 2.4761 4.1603* 7.6090 3.5606* 2.7818 2.2019 
D 1 0.2785 0.0171 0.1108 15.8506 21.9843** 31.4008** 27.9115** 
L 2 18.3502** 10.5491** 10.7022** 10.3562 7.9080** 26.7897** 12.7622** 
M x D 1 0.4952 0.3885 0.0190 0.0792 0.3882 0.5689 0.6390 
M x L 2 1.2256 0.1872 1.4521 0.2154 0.6032 O.OO47 0.4726 
D x L 2 1.9954 0.8840 2.2970 1.9945 0.2616 0.4334 2.0704 
M x D x L 2 0.3729 0.0459 0.2586 1.2922 1,8874 0.9292 2.6651 
Error 12 0.7056 0.7612 0.8609 3.5398 0.6212 1.3128 1.8318 
Remainder 72 1.9350 2.4889 1.7278 2.8646 1.9228 1.5626 0.9795 
Total 95 2.0338 2.2584 1.7731 3.1578 2.0332 2.3098 1.6758 
aM = management, D = diet, L = litter. 
S^ignificant effect at P = 0.05 or less. 
S^ignificant effect at P = 0.01 or less. 
Table 26. Experiment 855A and 855B (sacrifice). Partial analysis of variance for all intestinal 
organisms with groups and individuals considered separately 
Organism 
Total Total Molds & 
Source8 df aerobes anaerobes Lactobacilli Coliforms Streptococci Staphylococci yeasts 
Mean squares for groups 
S 3 22.7956** 25.0429** 19.8575** 27.3010** 17.8971** 11.3179** 6.5497** 
S x D 3 0.6247 0.2738 0.5582 0.9985 0.6397 0.6079 0.0447 
S x L 6 0.3994 1.0272 0.4408 0.7179 0.1530 0.2214 1.2644 
S x D x L 6 0.1216 0.4249 0.1232 0.3664 0.0374 0.3493 0.2485 
Error 18 0.1425 0.4599 0.1806 0.6328 0.2217 0.3725 0.7529 
Remainder 11 9.1091 5.2759 4.8605 14.4277 11.7013 26.2829 26.0730 
Total 47 2.0296 2.2339 1.6726 2.7010 1.6258 1.8762 1.7956 
Mean squares for individuals 
S 3 16.6001** 24.2399** 15.1007** 29.2070** 21.0711** 15.9155** 3.5247** 
S x D 3 0.0700 0.0781 0.0300 0.1001 0.6573 0.0829 0.5710 
S x L 6 0.2510 0.4375 0.1998 0.3048 0.4152 0.3172 0.8952 
S x D x L 6 0.2596 0.4451 0.4143 0.8577 0.2462 0.1746 0.5297 
Error 18 0.5718 0.4449 0.4136 0.4757 0.4747 0.8698 0.4041 
Remainder 11 15.0199 8.3183 11.7010 22.4401 22.5740 36.5190 24.1115 
Total 47 2.0650 2.2783 1.8228 3.5198 2.4080 2.7332 1.5447 
®S = section, D = diet, L = litter. 
**Signifleant effect at P = 0.01 or less. 
82 
Table 27. Experiment 855A and 855B. Coefficients of variation (as 
per cent) from analysis of fecal organisms 
Management 
Organism Experiment Group Individual 
Total aerobes 855A 3.7 6.0 
855B 4.8 5.0 
Total anaerobes 855A 3.6 6.2 
855B 6.5 6.3 
Lactobacilli 855A 4.3 5.7 
855B 4.5 6.5 
Coliforms 855A 9.1 11.4 
855B 8.0 9.8 
Streptococci 8 55A 9.4 9.3 
855B 5.7 8.7 
Staphylococci 855A 7.4 12.4 
855B 6.9 14.7 
Molds and yeasts 855A 9.8 15.3 
8553 7.9 9.2 
Table 28. Experiment 855A and 855B (sacrifice). Coefficients of 
variation (as per cent) analysis of intestinal organisms 
Management 
Organism Group Individual 
Total aerobes 4.9 10.1 
Total anaerobes 8.2 8.4 
Lactobacilli 5.3 8.4 
Conforms 12.1 11.5 
Streptococci 6.7 10.4 
Staphylococci 10.2 16.6 
Molds and yeasts 14.7 11.3 
